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The pre  sented, very sim  pli  fied model pro  vides a pos  si  bil  ity for es  ti  ma  tion of sur  face Pb-210
ac  tiv  ity, de  pend  ing on the changes of Rn-222 con  cen  tra  tion dur  ing the long-term ra  don
pres ence in side the closed room. This can be use ful for ret ro spec tive as sess ment of the av er age
in door  ra don  con cen tra tion  for  cer tain  his tor i cal  pe riod,  based  on  the  sur face  con tam i na tion
by the radionuclide Pb-210 in a closed or poorly ven  ti  lated room over a long pe  riod of time.
How ever,  the  sur face  Pb-210  con tam i na tion  de pends  on  the  pat tern  of  ra don  con cen tra tion
changes, and in this model is sup  posed that the change of in  door ra  don con  cen  tra  tion, which
pe ri od i cally en ters the room, is af fected only by the ra dio ac tive de cay and the in serted amount
of ra don in each en try. So, each ra don en try can be com pre hended as a “net amount” of ra don,
or ex  cess which re  mains in  side the room due to ra  don’s pe  ri  od  i  cal in-out flow. It is shown,
that un  der the con  di  tions of the model, the achieved av  er  age value of ra  don con  cen  tra  tion of
275 Bq/m3, im  plies that the sat u  rated sur  face con  tam  i  na  tion by the Pb-210 of 160 Bq/m2 af  -
ter  ap prox i mately  150  years.
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INTRODUCTION
In the manu script we con sid ered an ide al ized ex -
am  ple of a per  ma  nently closed room with  out ven  ti  la  -
tion, sit  u  ated on the ground, where ra  don pe  ri  od  i  cally
en ters in a cer tain amount. The bases for such as sump -
tion  of  ra don  pe ri od i cal  ap pear ance  are  the  pub lished
re  sults [1], about mea  sured ra  don vari  a  tions (hourly,
daily, and monthly) in  side of a closed room due to the
changes of tem  per  a  ture and the at  mo  spheric pres  sure.
How ever, the daily and sea sonal changes of ra don and
ra don prog eny  [2-4] may be sig nif i cantly dif fer ent  for
var  i  ous lo  ca  tions, and even on the same lo  ca  tion the
pat  tern of changes can vary over time.  The lat  ter can
be a rea  son for the dis  crep  ancy be  tween the in door ra  -
don con  cen  tra  tion es  ti  mates based on the ra  don flux
from soil and ground wa  ter, and mea  sured val  ues [5].
For  the  ret ro spec tive  av er age  ra don  con cen tra tion  as -
sess ment [6], the Po-210 ac tiv ity mea sure ments can be 
per formed  [7,  8].  The  com plex  ex per i men tal  meth ods
of de  ter  min  ing the ac  tiv  ity of im  planted Po-210 and
Pb-210 on the sur  face, such as a glass sur  face, are de  -
scribed in de tails in [9]. The in door be hav iour of ra don 
and ra don prog eny, as well as their spa tial dis tri bu tions 
de pend  on  sev eral  pa ram e ters  [10,  11],  in clud ing  the
pres  ence of aero  sols.
For  the  sim plic ity,  prompt  ra don  pe ri od i cal  en -
tries into the room (“pulses” of ra don) are sup posed in
the model. As the re  sult of ra  don de  cays and post-ra  -
don ra  dio nuclides (Po-218, Pb-214, Bi-214, and
Po-214), the radionuclide Pb-210 (half-life: 22.3
years) is pro  duced (fig. 1).
In this model changes of ra  don con  cen  tra  tion
arise only from the ra  don ra  dio  ac  tive de  cay and ra  don
in  serted by each pe  ri  odic en  try into the room through
the floor from soil. On the first sight, one could re al ize
that in the de scribed model only “one di rec tion” of pe -
ri  od  i  cal ra  don flow (from out  side into the room) ex  -
ists. How  ever, that is just a suit  able way to de  scribe a
sit  u  a  tion where a cer  tain “net amount” of ra  don re  -
mains in side the room as a con se quence of ra don’s pe -
ri od i cal  in-out  flow.
MODEL
The aim of the model is an es  ti  ma  tion of room’s
sur face  con tam i na tion  by  the  radionuclide Pb-210.
The in  te  rior di  men  sions of the room ob  served in the
model were 4 m ´ 5 m ´ 2.5 m (fig. 2) cor re spond ing to
the vol  ume of 50 m3 and the to  tal area (walls, floor,
ceil  ing) of 85 m2.  We  an a lyzed  the  sit u a tion  whereby
at each ra don en try the “in jected” Rn-222 ac tiv ity was
2500 Bq, or 50 Bq/m3, keep  ing in mind the room vol  -
ume.
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*  Cor re spond ing  au thor;  e-mail:  mrdjad@df.uns.ac.rsIf at the ini  tial mo  ment (t = 0)  ¢ N 0nu clei  of
Rn-222 ex  isted per unit vol  ume of air (with  out prog  -
eny nu  clei), then the time de  pend  ence of the Pb-210
ac  tiv  ity per unit vol  ume of air can be ex  pressed as
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In this ex pres sion, the de cay con stants l1,  l2,  l3, 
l4,  l5, and l6 cor  re  spond to the Rn-222, Po-218,
Pb-214, Bi-214, Po-214, and Pb-210, re  spec  tively,
while the con  stants cm (m = 1, 2,…, 6) are given as 
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It is sup  posed that the Rn-222 ap  pears ev  ery 24
hours (Dt = 24 h), fig. 3. The ba  sis for this as  sump  tion
lies in the fact that the sim  i  lar di  ur  nal vari  a  tions of in  -
door ra  don con  cen  tra  tion were of  ten found by mea  -
sure  ments [12]. As it can be seen, the Rn-222 ac  tiv  ity
per unit vol  ume of air at the mo  ment t¢  rep re sents  the
sum of ac  tiv  i  ties re  sult  ing from the first, the sec  ond
and the third ra  don ap  pear  ance.
Gen  er  ally, the Rn-222 ac  tiv  ity per unit vol  ume
of air at the mo ment of nth ra don en try (t = nDt, n = 0, 1, 
2, 3, 4, 5, ....) can be ex  pressed in the fol  low  ing way
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Here  ¢ N IN rep  re  sents the num  ber of Rn-222 nu  -
clei in serted into the room per unit vol ume by each ra  -
don en try, cor re spond ing to an in crease in ac tiv ity con -
cen  tra  tion of 50 Bq/m3 ( ¢ N IN = 2.3826543×107/m3).
This  pa  ram  e  ter value can be cho  sen in the model, as
well as the num  ber of ra  don en  tries and the time be  -
tween the ra don ap pear ances. Pre cisely speak ing, “nth 
en try” means nth en try of ra don af ter the ini tial en try at 
the mo  ment t = 0. 
The ac  tiv  ity per unit vol  ume of air at the mid  dle
of the time in  ter  val be  tween nth and (n + 1)th en  try of
ra  don  (t = nDt + Dt/2) is taken as a mea  sure of Rn-222
con  cen  tra  tion in  side room. That can be found by mul  -
ti  ply  ing the eq. (2) with e
- l 1 2 Dt/ , i. e.
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By us ing of MATHEMATICA soft ware, the time 
de  pend  ence of Rn-222 ac  tiv  ity per unit vol  ume is ob  -
tained for n = 200 ra don en tries, cor re spond ing to a to -
tal time of  200 days (4800 h) from the mo  ment  when
the room was closed (fig. 4).
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Fig ure 1. De cays of Rn-222 and post-ra don radionuclides
Fig  ure 2. Di  men  sions of room
Fig  ure 3. Pe  ri  od  i  cal en  tries of ra  don into the roomIt can be seen that the sat  u  ra  tion value of ra  don
con cen tra tion  of  275  Bq/m3 is achieved, which is re  -
lated, as men tioned be fore, to the mid dle of time in ter -
val  be tween  two  suc ces sive  ra don  ap pear ances.  This
sat u ra tion  value  (i.  e. av  er  age value) is prac  ti  cally
achieved dur  ing first 30 days, fig. 4(b). Ac  cord  ing to
the pre  vi  ously de  fined con  di  tions in the model
(amount of in  serted ra  don by each en  try, time in  ter  val
be  tween two en  tries), the ra  don con  cen  tra  tion will, in
fact, vary nearly within the bound  aries a (t = nDt +
+.Dt/2) ± 25 Bq/m3, fig. 5.
The in  crease of Pb-210 ac  tiv  ity per unit vol  ume
of air is af ter wards an a lyzed in the model. The num ber
of Rn-222 en  tries was n = 5×105,  cor re spond ing  to  the
to  tal time of  5×105 days (1370 years). In this phase of
the model it is sup  posed that the re  sult  ing ac  tiv  ity of
Pb-210 ex isted only in the air. Ac cord ing to eq. (1), the 
Pb-210  con cen tra tion  (ex pressed  in  [Bqm–3]) at the
mo ment of n-th ra don en try  (t = nDt) can be found as
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where the in  serted num  ber of ra  don nu  clei by each ra  -
don en  try,  ¢ N IN, per unit vol  ume of air cor  re  sponds to
the in  crease of ra  don con  cen  tra  tion of 50  Bq/m
3.
The con  cen  tra  tion of the Pb-210 and its to  tal ac  -
tiv ity  A t a t V tot
Pb
Pb ( ) ( ) = , de  pend  ing on the time, are
given in tab. 1, in the third and the forth col  umn, re  -
spec tively. In the next step of model it is sup posed that
the to  tal ac  tiv  ity of Pb-210, ex  ist  ing in the air at the
cer tain mo ment, will be uni formly de pos ited on the in -
te rior sur face of the room (the in flu ence of aero sols on
spa tial  dis tri bu tion  of  ra don  prog eny  is  ne glected  in
the model). Con se quently, the sur face Pb-210 con tam -
i na tion  is a t A S S
Pb
tot
Pb ( ) / = , where S is the to  tal area of
room in  te  rior (tab. 1, last col  umn).
The time de pend ence of sur face Pb-210 con tam i na -
tion is pre  sented in fig. 6. The graph rep  re  sents the func  -
tion a t S
t Pb e ( ) ( ) = + -
- a b
g 1 ob  tained by fit  ting  of re  -
sults  from  tab. 1,  a =  –0.068023638, b = 162.09468,  and 
g = 0.031123624.
The  sat u ra tion  of  Pb-210  sur face  ac tiv ity  is
achieved  af ter  ap prox i mately  150  years.
In a sim  i  lar way we ob  tained the set of curves
which rep  re  sent the time de  pend  ence of Pb-210 sur  -
face  con tam i na tion  for  dif fer ent  av er age  Rn-222  con -
cen tra tions,  fig.  7. 
The pre  sented curves cor  re  spond to the fol  low  -
ing av  er  age ra  don con  cen  tra  tions: 50, 100, 200, 300,
400, 600, 800, and 1000 Bq/m3.
These curves can be used for the ret  ro  spec  tive
as sess ments  of  av er age  Rn-222  con cen tra tions.  For
ex am ple, if the mea sured Pb-210 con tam i na tion of ap -
pro  pri  ate sur  face (such as glass) in a closed, or poorly
ven ti lated room was found to be 40 Bq/m2, and know -
ing the ap  prox  i  mate time in  ter  val dur  ing which the
room was closed (for ex am ple, about 6 years), it is pos -
si ble  to  es ti mate  the  av er age  Rn-222  con cen tra tion  of
about 400 Bq/m3 for this long time in  ter  val us  ing data
from fig. 7. Also, for other pos  si  ble com  bi  na  tions of
mea sured  sur face  Pb-210  con tam i na tions  and  the  in -
ves ti gated  time  in ter vals,  the  av er age  ra don  con cen -
tra  tions can be found from fig. 7.
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Fig ure 4. Time de pend ence of ra don con cen tra tion in the 
room; (a) the ra  don con  cen  tra  tion dur  ing 200 days;
(b) the ra  don con  cen  tra  tion dur  ing first 30 days
Fig  ure 5. Vari  a  tion of ra  don concentrationCONCLUSIONS
Al  though very sim  pli  fied, the pre  sented model
en ables  es ti ma tion  of  Pb-210  in door  sur face  con tam i -
na tion  un der  spe cific  con di tions,  such  as  per ma nently
closed  room,  where  only  pe ri od i cal  ra don  vari a tions
oc  cur. The model pro  vides flex  i  bil  ity in chang  ing of
pa ram  e ters such as the pe riod be tween two suc ces sive
ra don ap pear ances and the amount of ra don ex cess per
each ra  don en  try.
This model can be use  ful for a ret ro  spec tive as -
sess ment  on  av er age  in door  ra don  con cen tra tion  in -
side the closed ob  jects which were vir  tu  ally with  out
ven  ti  la  tion for a very long time, on the ba  sis of
Pb-210  sur face  con tam i na tion  data.  How ever,  the
lim i ta tions  caused  by  the  sim pli fi ca tions  as sumed  in
the model, and by the sup  posed pat  tern of ra  don
changes should be had in mind. For a more pre  cise
model, the in  flu  ence of a se  lected ra  don vari  a  tions
pat tern  on  Pb-210  sur face  con tam i na tion  should  be
fur ther  tested. 
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Table 1. The surface Pb-210 contamination
Number of
radon
entries into
room
Time (t) elapsed
from the moment
of first radon
entry [years]
Expected
activity of
Pb-210 per unit 
volume of air
[Bqm
–3]
The total
activity of   
Pb-210 inside 
of room [Bq]
The activity of
Pb-210 per unit of 
radon activity
inside of room
The surface contamination, a t S
Pb( ), 
due to uniform deposition of
Pb-210 from the air [Bqm
–2]
5 0.0137 0.0463 2.32 0.00028 0.027
10 0.0274 0.135 6.75 0.00057 0.079
50 0.137   1.053 52.6 0.00383 0.62
100 0.27   2.22 111 0.0081 1.31
200 0.55   4.54 227 0.0165 2.67
300 0.82  6.84 342 0.0249 4.02
400 1.10 9.12 456 0.0332 5.36
500 1.37 11.38 569 0.0414 6.69
600 1.64 13.62 681 0.0495 8.01
700 1.92 15.84 792 0.0576 9.32
800 2.19 18.05 902 0.0656 10.61
900 2.46 20.23 1011 0.0735 11.89
1000 2.74 22.40 1120 0.0815 13.18
5000 13.70 95.53 4776 0.347 56.2
10000 27.40 158.0 7900 0.575 92.9
50000 137.0 271.9 13595 0.989 160.0
500000 1370.9 275 13750 1.000 161.8
Fig ure  6.  In crease  of  sur face  Pb-210  con tam i na tion  for
Rn-222  av er age  con cen tra tion  of  275  Bq/m
3
Fig ure  7.  The  ex pected  sur face  Pb-210  con tam i na tion  over
time  for  dif fer ent  av er age  Rn-222  con cen tra tions.
The pre  sented curves cor  re  spond to the fol  low  ing av  er  age
ra  don con  cen  tra  tions: 50, 100, 200, 300, 400, 600, 800, and
1000 Bq/m
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Nata{a M. TODOROVI], Jovana B. NIKOLOV, Kristina I. BIKIT
JEDNOSTAVAN  MODEL  ZA  PROCENU  POVR[INSKE
KONTAMINACIJE  ZATVORENOG  PROSTORA  RADIONUKLIDOM
Pb-210  USLED  PRISUSTVA  RADONA 
Prikazan je vrlo pojednostavqen model koji omogu}ava procenu povr{inske aktivnosti
radionuklida Pb-210 u zavisnosti od  promena koncentracije Rn-222, tokom dugoro~nog prisustva
radona unutar zatvorene prostorije. Ovo mo`e da bude korisno za retrospektivnu procenu sredwe
koncentracije radona za odre|eni vremenski interval, ukoliko se utvrdi vrednost povr{inske
kontaminacije radionuklidom Pb-210, za prostoriju koja je bila zatvorena ili slabo ventilirana
tokom dugog perioda vremena. 
Povr{inska Pb-210 kontaminacija zavisi od na~ina na koji je koncentracija radona tokom
vremena  varirala. U ovom radu je pretpostavqeno da na promenu koncentracije radona, koji
periodi~no  ulazi u datu prostoriju, uti~e samo radioaktivni raspad i unesena koli~ina radona pri
svakom ulasku. Svaki  ulazak  radona  ovde se mo`e shvatiti kao “neto iznos” radona ili vi{ak, koji
preostaje unutar prostorije usled periodi~nog toka radona unutar-napoqe. Pokazano je da, pod
uslovima ovog modela, dostignuta sredwa vrednost  koncentracije  radona  od 275 Bq/m3, implicira
saturacionu povr{insku kontaminaciju radionuklidom Pb-210 od  160 Bq/m2 nakon pribli`no 150
godina.
Kqu~ne re~i: povr{inska kontaminacija, koncentracija radona u zatvorenom prostoru,
..........................Rn-222, Pb-210